Objective: To examine the accuracy of maternal ability to classify their children's weight status correctly using a verbal and a visual classification instrument and to detect significant correlates of maternal misperceptions. Design: Cross-sectional study. Setting: Primary schools in four counties from north, west, central and south Greece. Subjects: A representative sample of 1858 primary-school children aged 9-13 years was examined. Two different instruments to assess maternal perceptions of their children's weight status, i.e. a verbal and a visual one, were used. Results: Verbal and visual maternal underestimation rates of children's weight status were 15?0 % and 41?3 %, respectively. The frequency of underestimation was much higher among overweight and obese children for both instruments. The highest underestimation rates of 87?9 % and 82?1 % in overweight and obese boys, respectively, were obtained with the visual instrument. Multiple logistic regression modelling revealed that the likelihood of both verbal and visual maternal underestimation of their children's weight status was significantly higher for overweight mothers and for those with a lower educational level. Furthermore, children's male gender and a nanny or someone other than the mother as the child's primary caregiver were found to increase the odds of visual and verbal maternal underestimation of children's weight status, respectively. Conclusions: The present study showed that the verbal instrument used to assess maternal perceptions of their children's weight status was more accurate compared with the visual one. However, both instruments showed that a considerable number of overweight and obese boys had their weight status underestimated by their mothers. Educating mothers to classify their children's weight status correctly might be a key factor for the implementation of successful childhood obesity prevention initiatives.
In many developed countries, the prevalence of childhood overweight has more than doubled over the last two decades (1) . Besides the manifestation of clinical signs of morbidity in overweight children, such as hypertension, hyperlipidaemia, etc. (2) , childhood overweight often tracks into adulthood (2, 3) , when it becomes associated with an increased risk of mortality from chronic disease (4) . Changes in dietary and physical activity patterns are the primary causes for the current obesity epidemic and related chronic disease (5) . Specifically, the past few decades have brought marked lifestyle changes resulting in a decline in the time spent in physical activities, as well as in an increase in the consumption of energy-dense foods (5) . However, the aetiology of childhood overweight is probably more complex than the changes induced in lifestyle.
On the basis of recent research, many characteristics and lifestyle patterns that predispose children to overweight are established early in life and are greatly determined by family characteristics, including parents' dietary intake and physical activity patterns, parents' nutritional knowledge, siblings' interaction, etc. (6) . Furthermore, as parents are very influential in shaping early dietary and physical activity patterns in their children, their ability to recognize the problem of increased adiposity in their own child is another important determinant of childhood overweight (7) . In general, it is critical for parents to be able to make a distinction between normal and abnormal levels of adiposity to ensure that appropriate preventive and corrective interventions are implemented.
However, several studies have shown that a significant number of parents are unable to correctly perceive their children's weight status when asked to make either a verbal or a visual estimation (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) (21) , or both (22) (23) (24) . This observation implies that public health messages regarding the prevention of childhood obesity may not always reach parents, who often fail to identify the excessive body weight of their children. The factors that are associated with parental misperception of their child's weight status are currently under investigation. For example, some studies have shown that certain family characteristics such as ethnicity (25, 26) , child's gender (10, 18, 27) and parental educational status (11, 15) may influence parental perception, whereas other studies did not find such associations (9, 13) . The objectives of the present study were: (i) to examine the accuracy of maternal ability to classify their children's weight status correctly using a verbal and a visual classification instrument; and (ii) to detect possible demographic, socio-economic, maternal and family correlates of maternal underestimation of their children's weight status.
Subjects and methods

Sampling
The 'Healthy Growth Study' was a large-scale crosssectional epidemiological study initiated in May 2007 and completed in June 2009. Approval to conduct the study was granted by the Greek Ministry of National Education and by the Ethical Committee of Harokopio University of Athens. The study population comprised schoolchildren aged 9-13 years attending the fifth and sixth grades in primary schools located in municipalities within the wider regions of the counties of Attica, Aitoloakarnania, Thessaloniki and Iraklio. The sampling of schools was random, multistage and stratified by parental educational level and by the total population of students attending schools within these municipalities. More specifically, the municipalities in the counties under study were divided into three groups on the basis of the average educational level of their adult population (25-65 years of age), which was estimated from data provided by the National Statistical Service of Greece (Census 2001). This procedure yielded two parental educational cut-off points that allowed us to categorize municipalities into three different socio-economic levels (SEL), i.e. higher, medium and lower SEL. Consequently, on the basis of data from the National Statistical Service of Greece, a certain number of municipalities, proportional to the size of their pre-adolescent population (9-14 years of age), were randomly selected from each one of these three SEL groups.
An appropriate number of schools were randomly selected from each one of these municipalities in relation to the population of schoolchildren registered in the fifth and sixth grades in each municipality, on the basis of data obtained from the Greek Child Institute. All seventy-seven primary schools that were invited to participate in the present study responded positively. More specifically, an extended letter explaining the aims of the present study and a consent form for taking full measurements were provided to all parents or guardians having a child in these schools. Parents who agreed to the participation of their children in the study had to sign the consent form and provide their contact details. Signed parental consent forms were collected for 2655 out of 4145 children (response rate: 64?1 %).
Anthropometry and physical examination
Participants from each primary school underwent a physical examination by two trained members of the research team. Anthropometric measurements were obtained from all regions using the same protocol and equipment that was calibrated with standardized weights and rods, according to the calibration procedures described by the manufacturers. The physical examination included basic anthropometric measurements, i.e. weight and height. Weight was measured to the nearest 10 g using a Seca digital scale (Seca Alpha, Model 770; Hamburg, Germany). Participants were weighed without shoes in the minimum clothing possible. Height was measured to the nearest 0?1 cm using a commercial stadiometer (Leicester Height Measure; Invicta Plastics Ltd, Oadby, UK) with participants not wearing shoes, their shoulders in a relaxed position, their arms hanging freely and their head aligned in Frankfort plane. Weight and height were converted to BMI using Quetelet's equation (weight (kg)/height 2 (m 2 )). The international age-and sex-specific cut-off points proposed by Cole et al. (28, 29) for children and adolescents aged 2-18 years were used to categorize participants as 'underweight', 'normal weight', 'overweight' or 'obese'. Regarding physical examination, one well-trained and experienced female paediatrician in each prefecture determined pubertal maturation (Tanner stage) after a thorough visual inspection of breast development in girls and genital development in boys (30) .
Demographic, socio-economic data, maternal and family characteristics Data on the socio-economic and demographic backgrounds of families having at least one child participating in the study were collected from the primary caregiver (most preferably from the mother) during scheduled faceto-face interviews at school. With regard to those primary caregivers who were unable to attend the meetings (approximately 5 % of the total sample), data were collected via telephonic interviews. All interviews were conducted by a research team of ten members who were rigorously trained to minimize the interviewer's effect by using a standardized questionnaire. More specifically, the data collected by primary caregivers included: demographic characteristics such as parent's age and nationality; socio-economic characteristics such as educational level (years of education) and mean annual family income over the last 3 years (h/year); lifestyle characteristics such as smoking habits; and anthropometric characteristics such as mother's height and weight. Mother's age was then classified into three different tertiles. Mother's weight and height were converted to BMI using Quetelet's equation Primary caregivers' perceptions of their children's weight status Maternal perceptions of their children's weight status and body image were assessed using a verbal and a visual classification instrument, respectively. Regarding verbal classification of a child's weight status, the child's primary caregivers were asked to provide their answers to the following two questions: 'According to your perception, what is the current weight of your child?'; and 'According to your perception, what is the current height of your child?' Children's weight and height, as perceived by parents, were also converted to BMI by using Quetelet's equation and thereafter their weight status was classified into different weight categories (underweight, normal weight, overweight and obese) using Cole's cut-off points (28, 29) . Regarding visual classification of the children's body shape, this was estimated using the 'Children's Body Image Scale' as proposed by Truby and Paxton (31) . In brief, two sets of age-and gender-specific photographs were available. Each photograph corresponded to a 10-year-old boy or girl with a BMI on or around each of the seven conventional 1979 National Center for Health Statistics (NCHS) percentiles (i.e. 3rd, 10th, 25th, 50th, 75th, 90th and 97th) (32) . More specifically, in each set, one photograph corresponded to an underweight child (3rd percentile), four photographs to children within the normal BMI-forage percentile range (10th-75th percentiles), one photograph to an overweight child (90th percentile) and the last photograph to an obese child (97th percentile). After presenting this set of photographs in random order, mothers were asked to choose the photograph that most resembled their child's body shape.
Statistical analysis
All variables presented were categorical and expressed as percentages. Associations between categorical variables were examined using the x 2 or Fisher's exact test whenever appropriate. Cross-classification analysis was further carried out to identify the proportion of participants classified correctly or incorrectly by the verbal and visual classification methods. The two-sample Z-test was also used to compare percentages of correct or incorrect verbal and visual classifications of children's actual weight status. Univariate logistic regression analyses were conducted to test the crude bivariate associations of several demographic, socio-economic and family status variables per se with mothers' verbal and visual underestimation of their children's weight status. Furthermore, multiple logistic regression analysis was conducted to identify which of the demographic, socio-economic, maternal and family status variables were independently associated with maternal underestimation of children's weight status. From all these analyses OR and 95 % CI were computed. All reported P values were based on two-sided tests. The level of statistical significance was set at P , 0?05. The Statistical Package for the Social Sciences statistical software package version 13?0 (SPSS Inc., Chicago, IL, USA) was used to conduct all statistical analyses.
Results
Complete socio-economic, demographic, maternal, family status, verbal and visual classification data were collected for 1858 children (51?1 % girls and 48?9 % boys) from the 2665 children whose parents had signed the consent forms. This was mainly because of the addition of the visual assessment tool in the parental questionnaire during the course of the study when approximately 800 children and their parents had already been measured. Nevertheless, the study sample of 1858 children examined in the present study was adequate to provide enough statistical power. Approximately 45 % of the participating children were normal weight, 31 % were overweight and 11 % were obese. Regarding the characteristics of mothers, 39?5 % had 9-12 years of education whereas 40?4 % had .12 years. The majority of participating mothers were of Greek nationality (83?6 %) and were married (89?5 %). Significant associations were observed between children's weight status and certain maternal characteristics. More specifically, childhood obesity was found to be positively associated with maternal obesity and smoking status, with a greater proportion of mothers who were obese or smokers having an obese child (P , 0?001, respectively). On the other hand, maternal educational levels were negatively associated with childhood obesity, since the percentage of obese children was significantly lower for mothers with a higher level of education than for mothers with a medium or lower educational level (P 5 0?007). Further descriptive characteristics of the children and their mothers are summarized in Table 1 . Table 2 illustrates the percentages of maternal verbal and visual classification of their children's weight status by percentages of their children's actual weight status. More specifically, correct classification of children's actual weight status was significantly higher for overweight girls (67?7 % v. 22?7 %, P , 0?001) and boys (72?4 % v. 9?7 %, P , 0?001), as well as for obese boys (60?9 % v. 17?9 %, P , 0?001), when mothers estimated their children's weight status using the verbal rather than the visual classification instrument. Furthermore, the percentages of obese girls (4?1 % v. 20?9 %, P , 0?01) and boys (1?8 % v. 48 %, P , 0?001) who were misclassified by their mothers as normal weight were significantly lower when mothers tried to perceive their children's weight status using the verbal rather than the visual classification instrument. Overall, a significant percentage of mothers tended to misclassify their overweight or obese child, especially when classifying them visually. 1?70) were also more likely to visually underestimate their children's weight status compared with mothers living in areas of lower SEL and mothers with an annual family income of ,h 12 000, respectively. 
Discussion
The present study used two different instruments to assess maternal perceptions of their children's weight status, i.e. a verbal and a visual one. The verbal instrument proved to be more accurate than the visual one in classifying children's actual weight status correctly. More specifically, 15?0 % of mothers verbally underestimated their children's weight status, mainly by under-reporting their children's actual weight and much less by overreporting their children's height. On the other hand, 41?3 % of mothers visually underestimated their children's weight status when they were asked to choose one photograph representing body images of boys and girls in different BMI-for-age percentiles that most resembled their children's body shape (the aforementioned percentages are not shown in the tables). These underestimation rates were found to be even higher for overweight and obese children compared with normal-weight children, reaching 87?9 % and 82?1 %, respectively, in overweight and obese boys, whose weight status was visually assessed by their mothers. These findings were in agreement with those reported by other studies that examined parental perceptions of their children's weight status (8) (9) (10) (11) (12) (13) 15, 16, (20) (21) (22) . Nevertheless, the verbal instruments used in these studies to assess parental perceptions were not entirely comparable to those used in the present study. Most of the other studies used a verbal classification scale to assess parental perceptions of their children's weight status, mostly with the following question or with one very similar to it: 'How would you describe your child's weight at the moment?', and with one of the answers: underweight, normal weight or about the right weight, overweight and obese (8) (9) (10) (11) (12) (13) 15, 16) . Furthermore, sex-specific sketches or silhouettes corresponding to children of different weight-or BMI-for-age percentiles were used as visual classification scales by two other studies (20, 21) , whereas both verbal and visual instruments were used in only one previous study (22) . In only one other study were caregivers asked to report their children's actual weight and height (33) . In that study, the accuracy of the verbal classification of children's weight status was comparable to that reported by the present study with respect to underweight, normalweight and obese children, whereas a lower accuracy was observed for overweight children. Two other studies that used verbal and visual classification instruments, similar to those used in the present study, have failed to report higher accuracy of the verbal classification instrument, whereas others have provided some mixed findings. More specifically, according to the study by Eckstein et al. (24) , the visual classification instrument (sketches) assessed children's weight status more accurately compared with the verbal classification instrument (word description). Furthermore, the study by Chaimovitz et al. (23) , which was designed to assess the accuracy of parents' and paediatricians' perceptions of children's weight status, showed that parents displayed higher accuracy using the verbal classification instrument (word description), whereas doctors displayed higher accuracy with the visual classification instrument (sketches).
According to Maynard et al. (16) , the observation from several studies that mothers tend to underestimate their children's excessive body weight may reflect their reluctance to admit that their children are overweight or their lack of understanding of what 'overweight' means. Thus, recording and understanding maternal perceptions about their children's weight status, as well as the determinants of these perceptions, would be a key step in forming effective links between health professionals and parents (29) that could help overweight prevention programmes be more effective by focusing on the main concern of parents, which is maintenance of 'good health' in their children rather than 'good weight' (34) . In the present study several factors were found to be independently (i.e. at a multivariate level) associated with the likelihood of maternal verbal or visual underestimation of their children's weight status (Tables 3 and 4) . Maternal educational level was found to be significantly associated with both verbal and visual maternal underestimation of children's weight status, although in a reverse direction. More specifically, the findings of the present study revealed that mothers with a lower educational level were more likely to make a verbal underestimation but less likely to make a visual underestimation of their children's weight status. The negative association observed between verbal underestimation and maternal educational level is in line with the findings from other similar studies (8, 15) , whereas a possible interpretation for this association could be the fact that higher educational level may imply a better knowledge of normal body weight and height in children (15) . In addition, more educated mothers are probably more likely to be aware of the physical, social and emotional consequences of obesity. Nevertheless, no other study has reported an increased likelihood of maternal visual underestimation of their children's weight status, making an interpretation of this finding rather difficult.
Furthermore, overweight and obese mothers were significantly more likely to both verbally and visually underestimate their children's weight status. These findings were in agreement with those reported by other investigators who examined parental perceptions of their children's weight status (14, 25, 26) , probably also indicating a reluctance of overweight or obese mothers to understand or admit that their children are overweight (8) . Alternatively, overweight mothers may also believe that young children may grow out of being overweight or that increased fatness signifies health (35) . Another factor that was found to be significantly associated with an increased likelihood of maternal verbal underestimation of children's weight status was when the child's primary caregiver was a person other than the mother or grandparents (i.e. an aunt, older siblings, etc). None of the previous relevant studies have ever examined this variable as a potential correlate of parental perceptions. As many working mothers these days usually leave another person in charge of their children's upbringing (i.e. a nanny, grandparents, an aunt, older siblings, etc.), the limited time that these mothers spend with their children may restrict their ability to identify their children's actual weight or height correctly. Finally, the results of the present study support the idea that parents are more likely to visually underestimate the weight status of boys than of girls (14, 16, 36) . Although this may relate to sex differences in body composition, it seems more likely to reflect social values as well. Mothers may be more sensitive to weight and body image issues in girls, whereas bigger boys may be seen as having a physical advantage.
The present study has certain potential limitations. First, only 12?6 % of mothers were found to be obese. This could be attributed to deliberate under-reporting of weight, which is a common weakness when using selfreported data. Furthermore, the use of photographs that were based on the 1979 NCHS growth charts (31) to visually classify children's weight status could represent another possible limitation of the present study, since childhood obesity has more than doubled during the past three decades (37) . Although there was no other valid visual instrument that could be used alternatively in the present study, this limitation could provide one possible explanation for the higher maternal underestimation rates derived from the use of the visual compared with the verbal classification instrument. This could also be attributed to the fact that the photographs used in the present study represented pre-pubescent children, whereas the sample also included children at a higher stage of sexual maturation. Nevertheless, no significant association was found between the Tanner stage and the accuracy of maternal perceptions of children's weight status with the use of photographs.
To conclude, the verbal instrument used in the present study to assess maternal perceptions of their children's actual weight status was found to be more accurate compared with the visual one. Considerably higher errors of underestimation occurred for overweight and obese children, whereas overweight mothers and those with a lower educational level were more likely to underestimate their children's weight status. Furthermore, children's male gender and a nanny or a person other than the mother as the child's primary caregiver were found to increase the odds of both visual and verbal maternal underestimation of children's weight status, respectively. These findings have important public health implications since -given that maternal perception might be an indirect determinant of their children's body weight -any interventional programme to induce weight loss is unlikely to be successful without parental involvement. Moreover, even though perceptions are strongly influenced by culture, the fact that we live in an era of globalization makes the findings of the present study relevant to public health experts who deal with childhood obesity in almost all developed countries worldwide. The current findings might be even more relevant to minority groups and populations of lower socioeconomic level living in developed countries, for whom insufficient awareness on health issues makes the risk of body weight underestimation even greater. Thus, the attempt to combat childhood obesity in clinical and public health settings might be more successful if future research also focuses on detecting mothers who are more likely to misperceive their children's weight status. Educating these mothers to classify their children's weight status correctly might be a key factor for the implementation of successful childhood obesity prevention initiatives.
